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WHILST Pediatric Radiology has shared in the great advances in radiology generally in the last twenty-five years, it is only in quite recent years that much work has been done with newborn infants. The thought of paediatricians has changed markedly away from the "no touch" attitude and radiological help is being increasingly sought in neonatal problems in children's hospitals, in large maternity hospitals and in general hospitals with maternity units. Any one of us may have to meet a diagnostic problem in a young infant-a baby's life may depend on gentle and efficient radiography and on skilful interpretation. There is seldom an opportunity for a deliberate and thoughtful re-examination-usually the first films taken must be decisive. Our help will be called upon mainly in respiratory problems, acute abdominal crises, birth injuries and skeletal deformities and dysplasias.
In this paper, I shall have to confine myself to the respiratory and abdominal conditions.
THE CHEST IN THE NEWBORN INFANT
The normal chest.-There are a number of features which may give rise to difficulty in the judgment of the normality of the neonatal chest. Firstly, the extreme difference in the visual appearances between deep inspiration and full expiration: on expiration, there is considerable de-aeration throughout the lungs and thus diffuse opacification of the lung fields: it is difficult to define the diaphragmatic cupolx. It will readily be appreciated that, with the lack of contrast from the pulmonary air and poor visualisation of the diaphragm, it is difficult to differentiate between mere expiration and either diffuse anectasis (Marriott's term for non-expansion of the lung) or secondary atelectasis. Secondly, the heart is relatively larger than in the adult and may encroach appreciably on to the lung fields. Thirdly, the normal superior mediastinal width is very variable, depending on the degree of expiration or inspiration, the size and site of the thymus and on whether there has been a bout of crying or apncea. Further, I am sure that in many infants there is a laxity of the mediastinum so that it may wander from side to side in slight measure. Owing to the relatively great breadth of the thorax and its lesser relative height (in comparison with the adult), the vascular markings spreading from the hila appear to be straighter running and are disposed radially through a less wide sector than in the adult.
Extraneous skin lines can be most puzzling and may at times lead one, even after the most careful scrutiny, to the erroneous conclusion that a pneumothorax is present.
RADIOGRAPHY OF THE NEWBORN CHEST
The attainment of radiographs of the highest quality is of the greatest importance in chests of newborn infants. All of us have to accept and report on chest films of adults which are below the quality we would wish. But such acceptance is not to be condoned in neonatal chest radiographs. I do not think one can justifiably offer a firm or even a tentative opinion on the chest film of a newborn infant that is taken with any rotation of the thorax and in any respiratory phase other than moderately or fully deep inspiration.
The production of adequate radiographs-that is excellent radiographs-calls for patience, skill, gentleness and a genuine interest on the part of the radiographer.
There are enough puzzling features about the newborn infant's mediastinum, heart and lungs with which to wrestle without facing technical shortcomings. In normal infants, there is so much variation in the mediastinal breadth, the cardiac size and shape and the th) mic size that we must be able to rely on accurately positioned and centred films to make any worth-while judgment. At Queen Charlotte's, it is our custom to take a minimum of two A.P. films and a lateral film of the thorax. None of the films taken is discarded by the radiographer, and all come for my inspection.
RESPIRATORY ANXIETY AND. DISTRESS
Radiological help is sought more often when respiratory anxiety is felt than in any other field in neonatal work. The problems of respiratory distress are complex but in recent 'This paper is abridged. 60 illustrations were shown. OCTOBER years, much light has been thrown on physiological disorders of respiration, and radiology has certainly played its share in these advances.
What do we mean by respiratory anxiety and distress? Respiration may be difficult to establish immediately after birth: when established, breathing may be erratic, arrhythmic and grunting: there may be very rapid, regular and shallow respirations: there may be cyanosis. On inspection of the thorax, there may be inspiratory retraction of the intercostal spaces and retraction of the whole sternum. In the very young infant, respiration is mainly diaphragmatic and abdominal.
In the normal infant at birth, respiratory iate and the volume of tidal air are very variable: irregular respiration is common, including periodicity of a Cheyne-Stokes type, especially in normal premature babies. If the respiratory rate increases, periodicity and arrhythmia often disappear, as Cross has pointed out. Thus newborn infants with gross pulmonary lesions usually show rapid and regular respirations. Clement Smith (1955) has emphasized that retraction of the chest wall, especially in premature babies, is not necessarily evidence of insufficient pulmonary aeration. The distended thorax, with bulging of the intercostal spaces and forward prominence of the sternum may be found with a "trapped-air" syndrome and be much more disadvantageous than the pulmonary condition with retraction of the chest wall.
Thus the clinical assessment may be far from easy and radiological examination may throw considerable light on the underlying pulmonary lesions.
THE RADIOLOGICAL FINEINGS IN RESPIRATORY DISTRESS
We owe a debt to a small number of workers who have materially advanced our knowledge concerning the radiology of the newborn chest in recent years-notably to Donald and Steiner (1954) , to Mayer in France and to Peterson and Pendleton (1955) .
A chest radiograph in a respiratorily-distressed infant may show one of the following patterns:
(1) Normal Appearances
(2) Homogeneous Opacity. This may be localized or widespread. (3) Non-homogeneous Opacities (a) Widespread coarse mottled opacities of irregular distribution with some translucencies, associated with aspiration of liquor and meconium, perhaps with a reactionary pneumonia. (b) Widespread fine reticulo-granular shadowing associated with hyaline membranes.
(4) Expanded or Contracted Thoracic Parietes I cannot stress too strongly that a recognizable pattern may change very rapidly: indeed, Steiner (I 954) has suggested that a sequential change in specific patterns is the best evidence to justify a diagnosis of hyaline membranes radiologically. In those infants that die, much may have happened in the lungs in the interval of perhaps no more than one or two hours between the last radiographic examination and death. Thuls, even with an immediate post-mortem "follow-up", it may be very difficult to decide which of the numerous pathological processes found was mainly or dominantly responsible for the abnormal changes seen in the radiographs. By indicating the "patterns" that may be found, I do not wish in any way to over-simplify the solution of the problems but to indicate to radiologists the broad visual appearances that may be encountered. The multiplicity of the pulmonary lesions will often make the dogmatic diagnosis of individual types of lesions the province of the clairvoyant radiologist except in certain rather specific instances., Landing (1955) gives us an appreciation of the I., I(.. ., 6 ' 1(.. 9 \ problem. Of 178 successive post-mortem examinations on infants who died before the seventh day, in 152 cases (85 %) major pulmonary lesions were found (Table I) . The same observer, Landing, has reported that in detailed post-mortem examinations of the lungs in 125 successive neonatal deaths, the following lesions were present (Table II) : It is very evident that, whilst there will probably be one dominant lesion, multiple lesions are the rule: indeed, in the average neonatal death, an individual infant is likely to show four subsidiary lesions. Thus detailed radiological analysis is beset with profound difficulties. Of the listed lesions, nine in number, the following would cause pulmonary opacities: atelectasis, hemorrhage, amniotic aspiration, cedema, hyaline membranes and pneumonic consolidation. Alveolar and interstitial emphysema would cause abnormal translucencies.
I need not labour the problems of precise diagnosis in many cases, but in an appreciable number due consideration of the antenatal and natal history (with especial reference to prematurity, postmaturity and fcetal distress), the respiratory behaviour from the moment of birth and the radiological appearances will help the radiologist towards the truth in the problems of respiratory distress.
To return to the radiological findings in respiratory distress. (1) Normal Appearances An infant giving cause for respiratory anxiety and in whom there are normal pulmonary appearances may well have a cerebral cause for the distress. Intraventricular haemorrhage may well be present. Forceful pulmonary ventilation in such a case, as Donald has stressed, would not only be valueless but probably harmful. (2a) Localized Homogeneous Opacity (i) Segmental or lobar anectasis, i.e. primary atelectasis or failure to expand.-This condition may be easy to recognize, especially in the lower lobes, but I believe that isolated lower lobe anectasis is uncommon in the newborn. When affecting one of the upper lobes, the recognition may be very difficult, mainly because of the great variation in the superior mediastinal width even in films of impeccable quality. The more complete the airlessness Legends FIG. 5.-Full term delivery; weight 9 lb. 4 oz. Meconium staining of liquor one and a half hours before delivery. Infant cyanosed with rapid shallow respirations. Film at seventeen hours: widespread coarse mottling probably due to aspiration of liquor and meconium. Slow clinical and radiological improvement-lungs not clear until sixteenth day.
FIG. 6.-Full-term spontaneous delivery: breathing not rapid but marked retraction and some cyanosis. X-ray-second day: shows widespread coarse mottled opacities. Death on same day-P.M. examination-widespread inhaled liquor with squames and meconium bodies. Pneumonic reaction to inhaled contents.
FIG. 7.-Spontaneous premature labour at the thirtieth week. There was considerable respiratory distress. X-ray at one and a half hours showing a striking reticulo-granular pattern. Death occurred at the thirtieth hour. A P.M. examination was refused but a pulmonary biopsy specimen was secured. The typical appearances of hyaline membrane were reported by Dr. Claireaux.
FIG. 8.-Spontaneous delivery at the thirtieth week. There was meconium stained liquor three hours before delivery. The infant was cyanosed with irregular grunting respirations. Improved with oxygen, then deteriorated. X-ray at eight hours: a reticulo-granular pattern almost masked by widespread secondary atelectasis. Death at twelfth hour. At P.M. examination there was extensive hyaline membrane with secondary atelectasis and also evidence of aspiration of liquor. Note the visualization of air in second and third order bronchi. in the upper lobe, the more difficult is the decision (Figs. 1, 2 and 3 ). I suspect that I have often reported primary atelectasis of an upper lobe when none has been present. Such babies, if significantly distressed at all, will usually be distressed from birth. Expansion will usually be rapid with appropriate ventilation measures.
(ii) Varying and migrating consolidation or atelectasis of a segment or lobe.-Here there is often no distress in the first few hours or days after birth: sometimes more than one segment is affected and, on serial observations, there is a tendency for resolution to occur at one site while a fresh lesion is developing elsewhere-a migratory tendency. I believe that segmental atelectasis can also behave in this manner but I doubt if, on radiological grounds, the pneumonias and the atelectases can be differentiated when small volumes of lung are affected. (2b) Generalized Homogeneous Opacities (i) Widespread anectasis or primary atelectasis.-There is severe respiratory distress from birth: the thorax shows no bulging and recession may be extreme. Radiologically, there are almost total ground-glass opacities in the lung fields. Slight peripheral basal aeration may be sometimes seen (Fig. 4) . It is amazing that babies with such appearances can live, even if only for a few hours, but the considerable swallowed air in the stomach and intestines must provide the route for oxygenation.
(ii) Widespread secondary atelectasis with hyaline membranes.-In infants dying with hyaline membranes, in the later stages the lungs will become almost uniformly opaque but the thorax is generally expanded with a forward prominence of the sternum.
(iii) Confluent pneumonic consolidation.-When an infective pneumonia has become widespread and confluent, the infant will usually be in extremis and radiological examination is unlikely to be requested. (3a) Non-homogeneous Opacities-with Widespread Coarse and Irregular Shadowing (i) Infective bronchopneumonia is usually encountered in the later neonatal period and is mainly seen in the dorsally situated segments of the lungs, especially in the lower lobes.
(ii) Aspiration of amniotic material, with or without meconiium.-There is a widespread coarse mottling of irregular distribution with small patchy transradiant areas (Figs. 5 and 6) . The thorax is expanded, sometimes with forward prominence of the sternum.
Clinically and radiologically there is usually rapid improvement but the radiological clearance tends to lag behind the clinical betterment. The baby is usually fully mature or post-mature and there is frequently a history of foetal distress during the labour. This is the fatal aspiration syndrome. In the few cases that come to post-mortem examination, there is gross aspiration of keratinized squamous cells from the liquor and meconium is sometimes present in the bronchioles and alveoli. Focal alveolar atelectasis and emphysema are found. Occasionally, there is a non-infective reactive pneumonia.
(3b) Reticulo-granular or Fine Miliary Pattern
There is a general increase in density throughout the lung fields with a fine granular and reticular striational pattern. Usually both lungs present similar overall densities, but the changes may be more emphatic on one side than on the other. The chest is well expanded, often with forward sternal bulging as seen in a lateral radiograph. The bronchial tree is often well filled with air which can be traced into bronchi of the third and fourth order, almost out to the periphery, a feature seldom seen in widespread anectasis or primary atelectasis (Figs. 7, 8 and 9 ).
If the infant whose lungs show these changes has been radiographed in the first hour of life, the lungs are likely to present normal appearances. Once the reticulo-granular pattern has developed, it is likely to become accentuated in the first twenty-four to forty-eight hours: if the infant survives, the changes gradually clear and no lesions are apparent by the fifth to the seventh day.
If the respiratory distress worsens, this delicate but nevertheless rather striking pattern may rapidly become obliterated because of increasing secondary alveolar airlessness and ultimately the lungs become almost homogeneously opaque.
Amongst babies showing such appearances, there will be a high proportion of premature births and of deliveries by Caesarean section. At post-mortem, hyaline membranes are Legend FIGs. 10 and 11.-Normal delivery at 36th week. A weakly infant not showing any respiratory difficulty until twelfth day when developed grunting and very rapid respirations. Film on twelfth day (Fig. 10) shows right-sided effusion and ? extensive pneumonia. Also a spherical opacity seen through the cardiac shadow. On needle exploration of the right pleural cavity, purulent fluid withdrawn-Staphylococcus aureus organisms. Twentieth day-no fluid remains in right pleura but there is a small pneumothorax. The left basal lesion now shows a multilocular air-containing cavity. Film on twenty-fifth day (Fig. 11) shows a large tension cavity at the left base. This subsequently decreased steadily in size. An example of a staphylococcal pneumonia and empyema-with an abscess in the left lower lobe which became a tension cavity. FIG . 12. -The mother was a primigravida with toxoemia. At the thirty-eighth week there was an artificial rupture of the membranes. The subsequent labour ended in CQsarean section because of inertia. The baby was well until the fourth day when it developed a bad conjunctivitis, treated with Chloromycetin.
On the eighth day the infant collapsed with severe cyanosis and marked pulmonary physical signs. Film on eighth day shows widespread irregular coarse mottling. Death on the ninth day. At P.M. there were massive bilateral pulmonary hwmorrhages as the sole explanation of the radiological appearances. likely to be demonstrable lining dilated alveolar ducts, terminal bronchioles and some alveoli. There is widespread resorption atelectasis in the alveoli. Peterson and Pendleton (1955) have written in a convincing manner of the justifiable recognition of two distinct syndromes which will be found only in the newborn infant. We thus have, firstly, the hyaline membrane syndrome with the accent on prematurity and delivery by CQsarean section. The credit for recognizing that the specific radiological appearances were due to hyaline membranes belongs to Steiner, working with Donald and Claireaux. Secondly, we have the fetal aspiration syndrome, with the radiological characters recognized by Peterson and Pendleton, associated with postmaturity, feetal distress and the passage of meconium into the liquor. The prognosis in the foetal aspiration syndrome is appreciably better than in the hyaline membrane syndrome.
For a long time I seriously doubted whether one had the right to assume that the normal pulmonary pattern in a very premature infant was similar to that of a fully mature infant. This doubt remained until I had carefully reviewed a series of chest films of premature infants without respiratory distress and until I had surveyed all the material available at Queen Charlotte's Hospital specifically for this Address. I now believe, as Steiner concluded Sixteen hours-abdominal distension marked, no vomiting, had passed meconium. Twenty-three hours-increasing respiratory distress. X-raygross colonic distension with solid material and gas. Twenty-eight hours-death. Post-mortem examination-gross colonic distension down to rectum (inclusive). Small gut unaffected and no organic obstruction or volvulus found. Apparently an idiopathic dilatation of the colon without a narrowed aganglionic segment-perhaps not strictly acceptable as a Hirschsprung's disease in the modem concept. two or three years ago, that the normal pattern of the lungs of a premature infant does not differ from that of a fully mature infant.
The origin and nature of hyaline membranes is a matter of much argument and controversy. Recently, new light has been thrown on the possible tetiology. Lynch and Mellor (1955) have shown that the staining reaction of hyaline membrane is the same as that of granules in the epithelial cells lining the respiratory bronchioles: that the stainable material was much greater in these cells in lungs showing hyaline membranes than in control lungs without membranes: that amongst the controls, the stainable material was much more plentiful in lungs of premature than mature infants. They conclude that hyaline membrane is an excess of secretion from the epithelium of respiratory bronchioles and suggest that this secretion may be concerned with the transference of oxygen to the blood, that oxygen may provide the stimulus necessary to produce membrane and that the amount of secretion is proportionate to the oxygen concentration. Hyaline membrane is never found in infants who have died within one hour of birth.
Administration of oxygen in high concentration may well be a cause of hyaline membranes as well as of retrolental fibroplasia. In premature infants, the use of a low oxygen concentration with high humidity is urged in treatment. (At this stage in the Address the author showed illustrations of a number of interesting pulmonary conditions in the newborn only two of which can be included here (Figs. 10, 11 and 12 ).) THE ABDOMEN I do not propose systematically to review the radiological findings in neonatal abdominal emergencies. There have been two excellent papers in this field in recent months-that by Hajdu (1955) and Macnab (1955) .
Firstly, I wish to consider the clinical signs and symptoms of obstructive lesions together with the commoner atypical features-the important exceptions to customarily accepted rules. Secondly, I shall discuss the normal appearances of the alimentary tract in the first few hours after birth. Finally, I shall give illustrations and brief histories of some neonatal emergencies I have seen at Queen Charlotte's Hospital in recent years.
The symptoms and signs of neonatal obstructive lesions indicating an emergency state are:
(1) Vomiting and repeated regurgitation.
(2) No passage of meconium.
(3) Abdominal distension, which may be due to: (a) intraperitoneal fluid-as in hydrops foetalis and meconium peritonitis, (b) gaseous distension in the stomach, duodenum, small or large intestine, (c) distension of the gut owing to solid or semi-solid contents, (d) non-alimentary conditions such as bladder distension in congenital atresia of the bladder neck, congenital cystic kidneys and various types of retro-peritoneal haemorrhage. (4) Excessive peristalsis of the gut or a lack of peristaltic activity. It is universally agreed that the earlier the diagnosis, the more favourable the prognosis in the diseases which go to make up "the acute abdomen". If this is true in adults, it is emphatically so in the newborn infant, in whom the prognosis is much worsened once dehydration has begun. In intestinal obstructive states, even in collectively the best surgical hands, an infant has only a 1 in 4 chance of survival. The early use of radiological examination and wider knowledge concerning interpretation will surely help towards improving the prognosis in this field. In many types of obstruction in the newborn, the obstruction has been operative for an appreciable time before birth: what would appear to be an acute obstruction is indeed the post-natal manifestation of a chronic obstruction.
Following Macnab, let us consider some of these clinical features critically.
Vomiting.-Vomiting is common in obstruction but is often delayed, as long as two to three days in 20% of cases of intestinal atresia, and as long as two weeks in 50% of cases with incomplete intestinal stenosis. It is important to note the presence or absence of bile in the vomit. The combination of bile-stained vomiting and no passage of meconium is, in Macnab's view, diagnostic of organic obstruction. In 40% of the cases of intestinal atresia in Louw's series of 359 cases from Great Ormond Street Hospital, the lesion was in the duodenum: of these duodenal cases, in 30% the atresia was proximal to the ampulla of Vater and therefore showed no bile-staining of the vomit.
Passage of meconium.-Sticky green meconium should normally be passed in the first twenty-four hours of life. By seventy-two hours, this is replaced by small brownish-yellow motions. Normal yellow semi-formed motions are seen at the end of one week, if normally fed. In Louw's series, 33% and 40% of babies respectively with intestinal or duodenal atresia passed meconium.
In Hirschsprung's disease and in meconium ileus, no meconium may be passed. Thus the presence or absence of meconium in the first seventy-two hours of life does not differentiate between partial and complete obstruction. Further, passage of meconium in the first three days of life does not rule out an intestinal obstruction.
Abdominal gaseous distension.-Normally, the abdomen is often rather protuberant in newborn infants-thus moderate distension is easily overlooked. In 50% of cases with duodenal atresia in Louw's series, the abdomen appeared to be normal on clinical examination. In 50 % of cases of intestinal obstruction, distension was only moderate and less than 30% showed visible peristalsis.
There are thus many exceptions to hypothetical rules for the assesstnent of obstructive states by clinical examination and firm radiological help can be given in a substantial proportion of cases.
The normal appearances in the alimentary tract.-Swallowed air will be seen in the stomach within five to ten minutes of birth, in the jejunum and ileum within tw6 hours, in the proximal colon within three to four and in the distal colon within six to eight hours.
Hajdu emphasizes that "at twelve hours the whole intestine should be clearly visible by virtue of its gas content and should fill the whole space available in the abdominal cavity. Any departure from this rule will raise the suspicion of intestinal obstruction on the one hand and of a space-occupying lesion on the other". I suggest that this is rather too strongly emphasized and that the acceptance of this dictum will sometimes lead to an unjustified diagnosis or suspicion of distal obstruction when none is present. The distal colon and rectum are often without a gas content in normal cases, even on repeated examination.
Macnab states that "...the small intestine in the neonate always appears to be dilated", rather implying that we cannot rely on an assessment of the small gut calibre to distinguish between a normal state and a pathologically dilated state. I admit that there is much less difference in the relative calibre of small gut and colon in the infant in comparison with the adult, makinga firm distinction as to what is ileum and what is colon in a particular radiograph sometimes very difficult. He states further that ". . . obstruction of the small intestine cannot be diagnosed unless fluid levels are seen in addition to distended coils of small bowel. The bowel requires to be grossly distended before a fluid level can be seen...." One cannot wholly agree with these specific opinions: firstly, in that I believe it is often possible to distinguish between pathological dilatation of the small gut and its normal state, even in the absence of fluid levels. Secondly, I am sure that fluid levels can be observed before dilatation of the gut reaches more than a moderate degree. It may well depend on the duration of the obstruction and thus on its nature. Table III gives statistics from Louw's (1952) 
